Molecular insight into the specific binding of ADP-ribose to the nsP3 macro domains of chikungunya and Venezuelan equine encephalitis viruses: molecular dynamics simulations and free energy calculations.
The outbreaks of chikungunya (CHIKV) and venezuelan equine encephalitis (VEEV) viral infections in humans have emerged or re-emerged in various countries of "Africa and southeast Asia", and "central and south America", respectively. At present, no drug or vaccine is available for the treatment and therapy of both viral infections, but the non-structural protein, nsP3, is a potential target for the design of potent inhibitors that fit at the adenosine-binding site of its macro domain. Here, so as to understand the fundamental basis of the particular interactions between the ADP-ribose bound to the nsP3 amino acid residues at the binding site, molecular dynamics simulations were applied. The results show that these two nsP3 domains share a similar binding pattern for accommodating the ADP-ribose. The ADP-ribose phosphate unit showed the highest degree of stabilization through hydrogen bond interactions with the nsP3 V33 residue and the consequent amino acid residues 110-114. The adenine base of ADP-ribose was specifically recognized by the conserved nsP3 residue D10. Additionally, the ribose and the diphosphate units were found to play more important roles in the CHIKV nsP3-ADP-ribose complex, while the ter-ribose was more important in the VEEV complex. The slightly higher binding affinity of ADP-ribose toward the nsP3 macro domain of VEEV, as predicted by the simulation results, is in good agreement with previous experimental data. These simulation results provide useful information to further assist in drug design and development for these two important viruses.